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PEPTIDE COATED DENDRITIC CELLS AS IMMUNOGENS 
TECHNICAL FIELD 

The present invention pertains to novel 
immimotherapeutic methods and vaccines, which 
utilize irradiated, peptide-pulsed antigen 
5 presenting cells (APCs) to elicit an immune 

response in a patient. 

BACKGROUND ART 

For many viruses, the greatest ant i -viral 
immunity arises from natural infection, and this 

10 immunity has best been mimicked by live attenuated 

virus vaccines- However, in the case of HIV, such 
live attenuated organisms may be considered too 
risky for uninfected human recipients because such 
retroviruses have the potential risks of 

15 integrating viral genome into the host cellular 

chromosomes and of inducing immune disorders. To 
reduce these risks, an alternative is to use pure, 
well-characterized proteins or synthetic peptides 
that contain immunodominant determinants for both 

20 humoral and cellular immunity. An important 

component of cellular immunity consists of class I 
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MHC restriction CD8 + cytotoxic T lymphocytes (CTL) 
that kill virus infected cells and are thought to 
be major effectors for preventing viral infection. 

Cellular immunity is also a key component of 
the mechanism of tumor rejection. No previous 
cancer vaccine has shown much success in treating 
cancer. Most previous cancer vaccines that have 
been tried have involved whole cancer cells or cell 
extracts, which are poorly defined mixtures of many 
proteins. Prior methods to induce CD8 + CTL with 
synthetic peptides have been limited to antigens 
from foreign microbial pathogens, such as viruses 
and bacteria. 

Present theories of tumor initiation and 
15 progression hold that tumor cells arise from 

mutational events, either inherited or somatic, 
that occur in a normal cell. These events lead to 
escape from normal control of proliferation in the 
cell population which contains the tumorigenic 
20 mutation(s). m many instances, mutations 

resulting in substitution of a single amino acid 
are sufficient to convert a normal cellular protein 
into an oncogenic gene product. The normal genes 
which encode the proteins susceptible to such 
25 oncogenic mutation are called "protooncogenes" . 

Ras is a typical protooncogene . The normal 
protein product of the ras gene is a GTPase enzyme 
which is part of the pathway that transduces, 
biochemical signals from cell surface receptors to 
30 the nucleus of the cell. Mutations which inhibit or 

abolish the GTPase activity of ras are oncogenic. 
For example, the Ala 59 , Gly" and Gin 61 residue of 
the ras protooncogene are frequently mutated in 
human tumors (80) . 

Previous methods for producing CD8 + CTL have 
not shown the feasibility of inducing CTL against 
proteins that differ from the normal, "self" 



35 



proteins by only a single amino acid substitution. 
However, it is clear from studies of tumor- 
infiltrating lymphocytes in humans, as well as from 
animal model studies, that CD8 + CTL can eradicate 
cancers in vivo. 

No previous studies have shown the ability to 
immunize with a mutant synthetic peptide from a 
natural endogenous cellular protooncogene product 
to induce CD8 + cytotoxic T lymphocytes (CTL) that 
can kill tumor cells expressing a mutant endogenous 
gene product. Several studies have shown the 
ability to immunize mice with peptides to induce 
virus-specific or bacterial-specific CTL (P. 
Aichele et al (69); M. Schulz et al (42); W. Kast 
et al (41); J. Harty and M. J. Bevan, J. (77); M . 
K. Hart et al (79) , but with the exception of Harty 
and Bevan, these have all required the use of 
adjuvants and high doses of peptide. Furthermore, 
since viral or bacterial proteins are foreign to 
the host, and it is known that it is possible to 
raise CTL to these, it was expected that any viral 
peptide immunization that succeeded would result in 
CTL that could kill cells expressing the foreign 
viral protein. 

However, for oncogene products, or products of 
mutated tumor suppressor genes, for example p53, 
which reside primarily in the nucleus, it was not 
clear whether the mutant protein would be produced 
in sufficient amounts in tumor cells. Nor was it 
known if the protein would be processed through the 
appropriate cytoplasmic pathway to be presented by 
class I MHC molecules to CTL. It had also been 
questioned whether a single point mutation in a 
normal, endogenous protein would be sufficient to 
produce a CTL response. 
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DISCLOSURE OF INVENTION 

The present invention is concerned with 
providing novel immunoprophylactic or 
immunotherapeutic methods for use in mammals, 
preferably humans, which methods are based solely 
or partially on immunizing said mammal with 
synthetic or recombinant peptides to induce 
cytotoxic T lymphocytes. The methods are 

advantageously applicable to the prevention or 
treatment of viral infections or cancer (s) in said 
mammals, since cytotoxic T lymphocytes may be the 
primary means of host defense against viruses and 
cancer cells. 

Although some CTL have been identified in 
15 tumor- infiltrating lymphocytes, their target 

antigens have remained a mystery. Recent results 
show that many tumors develop mutations in normal 
cellular proteins involved in regulating cell 
growth, but it has not yet been possible to 
determine whether such mutant cellular proteins 
will serve as targets for CTL. We have now 
developed a method to immunize with synthetic 
peptide corresponding to the site of the mutation 
in the tumor suppressor gene product, p53, to 
induce CTL that will kill tumor cells endogenously 
expressing the mutant p53 gene, present in a large 
fraction of lung, breast, and colon cancers, as 
well as other types of cancers. 

Our results show that indeed mutant p53, which" 
30 is found in a large fraction of cancers of the 

lung, breast, and colon, and other organs, is a 
good target for CD8 + CTL and that a peptide 
spanning a single point mutation can be used to 
immunize an animal to elicit such CTL. We also use 
a novel method of peptide coated onto syngeneic or 
autologous lymphoid and dendritic cells which 
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allows the use of very small quantities of peptide 
for immunization, and which avoids the use of 
adjuvants, which may be harmful. 

Since only a small fraction of cancers of 
humans and animals are known to be caused by 
viruses, most cancers would not be amenable to 
prevention or treatment by a vaccine aimed at viral 
proteins. Treatment or prevention would require a 
vaccine that can target an antigen present in most 
of the cancers, such as a mutant cellular product. 
Oncogene and mutant tumor suppressor gene products 
such as mutant p53, ras, Rb, and brc-abl are 
present in a very large fraction of cancers . The 
spectrum of genetic changes which are found in 
cancer cells is large and growing. Interestingly, 
many tumors of a .particular tissue are often found 
to contain mutations in many of the same genes. 
For instance, Vogelstein, Fearon and others 
(reviewed in ref . 81) have described a number of 
particular mutations which accumulate during 
initiation and progression of colon cancer. 
Similarly, in our laboratory, we have found that 
mutations in a small number of key growth control 
genes are often found to occur together in small 
cell lung carcinomas (82) . Such findings suggest 
that the number of genes which would have to be 
screened for mutations in a tumor biopsy sample 
would be finite, and might be quite small. 

Thus, the present invention provides a broadly 
applicable method of immunizing with a safe, non- 
toxic synthetic peptide, in the absence of harmful 
adjuvants or live viral vectors, to induce CTL that 
can specifically lyse tumor cells. 

Exemplary of the immunoprophy lactic and 
immunothera-peutic methods encompassed by the 
present invention are those which comprise a method 
for eliciting tumor-specific CD8 + cytotoxic T 



lymphocytes in a human or other mammal, comprising 
the steps of (1) determining the nucleotide 
sequence of p53 and/or other protooncogene , tumor 
suppressor gene or tumor promoter genes in nucleic 
acid from a tumor sample to identify mutations in 
a protein- coding region, (2) selecting a synthetic 
peptide corresponding to the site of mutation in a 
cellular protooncogene product or tumor suppressor 
gene product, (3) coating an autologous or 
syngeneic lymphoid cell population preferably 
containing dendritic cells with the synthetic 
peptide by incubation with the peptide in vitro . 
(4) irradiating the cells with between 1,000 and 
3,300 rad gamma irradiation, and (5) injecting said 
peptide -coated cells intravenously into the 
recipient person or other mammal. 

Vaccines encompassed by the present invention 
are those containing an autologous or syngeneic 
lymphoid cell population coated with a synthetic 
peptide, in combination with a pharmaceutically 
acceptable carrier. Preferably vaccines 

encompassed by the present invention are those 
prepared as follows: 

(1) sequencing of nucleic acid from a tumor sample 
to to identify point mutations, 

(2) selecting a synthetic peptide corresponding to 
the site of a point mutation in a cellular 
oncogene product or tumor suppressor gene product, 

(3) coating an autologous or syngeneic lymphoid 
cell 

population preferably containing dendritic 
cells with the synthetic peptide by incubation 

with the 

peptide in vitro for several hours, 

(4) irradiating the cells with between^ 1, 000 and 
3,300 

rad gamma irradiation, and 



(5) combining with a pharmaceutical^ acceptable 
carrier. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Figure 1 . Specificity of induction and of 
effector function of CTL elicited by peptide-pulsed 
spleen cells. Fig. 1A: BALB/c (H-2 d ) mice were 
immunized intravenously with 20 x 10 6 spleen cells 
pulsed with 0 or 0.01 /zM T1272 peptide for 2 hours 
at 37° C and irradiated at 2000 rad. Spleen cells 
were restimulated with 1 m m T1272 peptide for 6 
days. Cytolytic activity of the restimulated cells 
was measured with the 51 Cr-labeled BALB/c 3T3 
fibroblast targets (18neo) (21) incubated with 0 or 
1 /iM T1272 peptide. Fig. IB: BALB/c mice were 
immunized as in A (except spleen cells were pulsed 
with 10 fiM T1272 peptide) , and the immune spleen 
cells restimulated with 0.1 T1272 or with no 
peptide. Fig. 1C: To determine the peptide 
concentration required for sensitizing targets, 
5l Cr-labeled BALB/c 3T3 fibroblasts were tested for 
lysis by T1272 peptide -immune splenic CTL at 40:1 
in the presence of varying concentrations of T1272 
peptide or P18IIIB peptide from the HIV envelope, 
which is also presented by a BALB/c class I MHC 
molecule (21) , as a specificity control. Effectors 
were from mice immunized with cells pulsed with 10 
/zM peptide and were restimulated with 0.1 /xM 
peptide . 

Figure 2 . Fig. 2A: Phenotype of the H-2d CTL 
line specific for peptide T1272 -sensitized cells. 

E/T, effector/target cell. Fig. 2B: CTL specific 
for peptide T1272 are restricted by the class I 
molecule K d . 



Figure 3 . Peptide -induced CTL kill targets 
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endogenously expressing mutant p53 . Fig. 3A: 
Splenic CTL from T1272 peptide -immune BALB/c mice 
(immunized with 10 /zM T1272 peptide -pulsed spleen 
cells, and stimulated with 0.1 M M T1272 peptide) 
were tested against targets, BALB/c 3T3 

fibroblasts transfected with neo alone (18neo) and 
T1272 transfectant-5 (BALB/c 3T3 fibroblasts 
transfected with the mutant p53 T1272 gene and the 
neomycin resistance gene) . The 18neo targets were 
also tested in the presence of 0.1 /xM T1272 
peptide as a lysability control. Fig. 3B: Four 
T1272 transfectants were tested for recognition by 
specific splenic CTL from (10 /xM) T1272 peptide- 
immune BALB/c mice (restimulated with 0.1 /xM 
peptide) : transfectant-5 transfected with mutant 
T1272 p53 and neo, and transfectants-2, -3, and -4, 
transfected with ras as well as the mutant T1272 
p53 gene and neb. The steady state levels of 
mutant p53 protein expression in these 
transfectants were 0.18, 0.15, 0.14, and 0.09 ng 
p53/mg protein, respectively. All target cells in 
panel B, including the controls, were grown for 
three days prior to use in 5 ng/ml mouse 
recombinant interferon -gamma (Genzyme, Cambridge, 
Mass.) to optimize MHC expression. Fig. 3C: As a 
specificity control, a BALB/c 3T3 fibroblast 
transfectant expressing comparable levels (0.19 ng 
p53/mg protein) of a different mutant human p53, 
T104 (24) , was used as a target for comparison with 
the T1272 transfectant-5 described above. Both of 
these and the control BALB/c 3T3 fibroblast targets 
(18neo) were also transfected with the neo gene as 
a selection marker. The effectors were splenic CTL 
from (10 /xM) T1272 peptide- immune BALB/c mice 
(restimulated with 0.1 /xM peptide) . 

Figure 4 . Fig. 4A: Induction of epitope-specif ic 



CTL by immunization with peptide-pulsed syngeneic 
spleen cells. Five X 10 7 /ml of BALB/c spleen cells 
were incubated with 5/xM peptide 18IIIB in 1ml of 
10% fetal calf serum containing RPMI164 0 for 2 
hours. Then the peptide-pulsed spleen cells were 
either 3300-rad irradiated (solid lines) or 
unirradiated (dotted lines) and washed twice with 
RPMI1640. The cell number was adjusted to 2-4 x 
10 7 /ml in PBS and 0.2 ml of the treated cells (4-8 
x 10 6 ) were innoculated intravenously into syngeneic 
BALB/c mice. After 3-4 weeks, immune spleen cells 
were restimulated in vitro with mitomycin-C treated 
HIV-1-IIIB envelope gpl60 gene transfected 
syngeneic BALB/c. 3T3 fibroblasts with or without 
interleukin 2 (IL-2) . After 6-d culture, cytotoxic 
activities were tested against the indicated 51 Cr- 
labeled targets: 1/zM 18IIIB-pulsed BALB/c. 3T3 
fibroblasts (■) ; HIV-1-IIIB gpl60-gene transfected 
BALB/c, 3T3 (•) ; and control BALB/c. 3T3 fibroblasts 
(O) . 

Fig. 4B: The effects of irradiation on CTL priming. 
Cytotoxic activities were measured against 5I Cr- 
labeled HIV-1-IIIB gpl60-gene transfected 
BALB/c. 3T3 targets at the indicated effector target 
ratio. The effector cells were obtained from 
cultured spleen cells of BALB/c mice immunized with 
18IIIB-pulsed spleen cells irradiated 3300 rad (•) , 
2200 rad (□) , 1100 rad (a) , or unirradiated (A) , or 
unimmunized control mice (O) . 

Figure 5 . Comparison of the route for 
immunization. Cytotoxic activities were measured 
against 5l Cr-labeled HIV-1-IIIB gpl60-gene 
transfected BALB/c. 3T3 targets at the indicated 
effector : target ratio. The effector cells were 
obtained from cultured spleen cells of BALB/c mice 
immunized with 18IIIB-pulsed 3300 rad irradiated 
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spleen cells intravenously (i.v.) (•) , 

intraperitoneally (i.p.) (■) , or subcutaneous ly 
(s.c.) (a), or of unimmunized control mice (O) . 

Figure 6 . Phenotype of the CTL induced by 
peptide-pulsed-cell immunization . Cytotoxic 
activities were measured against the same targets 
as in Figure 5. The effector cells were pre- 
treated with anti-CD4 mAb (RL172.4) plus complement 
(■) , anti-CD8 mAb (3.155) plus complement (•) , or 
with complement only (A) . (O) shows no treatment 
control . 

Figure 7 . Characterization of the cells in 
the inoculum responsible for in vivo induction of 
peptide-specif ic CD8 + CTL. Cytotoxic activities 
were measured against the same targets as in Figure 
5. The effector cells were obtained from the 
following mice. BALB/c mice were immunized i.v. 
with 18IIIB-pulsed irradiated spleen cells 
pretreated with anti-class II MHC (A d & E d ) mAb 

(M5/114) plus complement (□) arid untreated (•) . 

(O) shows unimmunized control mice. 

Figure 8 . Fig. 8A: Induction highly specific 
CTL by immunization with 18IIIB-pulsed irradiated 
DC. Cytotoxic activities were measured against the 
same targets as in Figure 5 . The effector cells 
were obtained from cultured spleen cells of BALB/c 
mice immunized i.v. with 8 x 10 6 18IIIB-pulsed 3300 
rad irradiated spleen cells ( + ) , or 1 x 10 5 
irradiated DC (•) , or from unimmunized control mice 
(O) . 

Fig. 8B: Comparison of abilities of adherent 
macrophages and DC to prime epitope-specif ic CTL. 
Peptide 18IIIB-pulsed irradiated splenic adherent 
cells (1 x 10 5 ) (a) after removal of DC were tested 
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for immunization as compared to DC immunization (1 
x 10 5 ) (•) . (O) shows unimmunized control mice. 
Fig. 8C: The effects of irradiation on DC priming. 
Immunizations were performed with 3300 rad 
5 irradiated DC (•) and unirradiated DC (□) . (O) 

shows unimmunized control mice. 

Fig. 8D: The effects of B cells on peptide -pulsed 
immunization by DC. 2200fad irradiated DC (2 x 10 5 ) 
were co-cultured with (>) or without (•) 1 x 10 6 
10 unirradiated B cells during incubation with peptide 

18IIIB before immunization. 

Figure 9 . The minimal size peptide recognized by 
specific CTL can prime CD8 + CTL. Cytotoxic 
activities were measured against the same targets 
15 as Figure 5. DC were pulsed with the minimal 10- 

mer of peptide 18IIIB-I-10 (RGPGRAFVTI) (>) or 
18 II IB (RIQRGPGRAFVTIGK) (•) before immunization 
for priming CTL. (m) shows unimmunized control 
mice . 

20 Figure 10 . Comparison of peptide-pulsed cell 

immunization with peptide in adjuvant immunization. 
Cytotoxic activities were measured against the same 
gpl60-gene transfected targets as Figure 5. BALB/c 
mice were immunized either with 181 I IB-pulsed 

25 syngeneic irradiated spleen cells (•J/MCMV (10/zM)- 

pulsed syngeneic irradiated spleen cells (a) , or 
with 18IIIB emulsified in CFA (complete Freund's 
adjuvant) (>) . (O) shows unimmunized control mice. 

Figure 11 . Calf serum is not required during 
30 the pulsing for effective immunization. Mice were 

immunized with spleen cells pulsed with P18IIIB in 
the presence of 1% normal syngeneic mouse serum 
instead of fetal calf serum, and the resulting 
effectors restimulated in vitro as in Figure 4 . 
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CTL activity was tested on gpl60 IIIB-gene 
transfected BALB/c 3T3 fibroblast targets (•} , or 
untransfected 3T3 fibroblast targets pulsed with 
P18IIIB (>), or unpulsed as a control (O) . 

5 DETAILED DESCRIPTION OF THE INVENTION 

The invention comprises a method of 
immunization for therapeutic or prophylactic 
purposes and also vaccines to be employed in the 
immunization method. In particular, the immunogen 
10 is made up of antigen-presenting cells which have 

been coated with peptides that bind to class I MHC 
molecules on the surface of the antigen-presenting 
cells. The peptides can be from any source that is 
distinguishable from "self". That is, they can be 
15 derived from the proteins of bacterial antigens or 

viruses, or from the mutated proteins expressed by 
tumor cells growing within a host. 

The peptides to be employed may be obtained by 
any of the commonly known methods in the art; for 
20 example, but not limited to, total organic 

synthesis. in selecting the peptide (s) to be 
employed, the practitioner would seek to provide an 
epitope which is not normally present in the 
recipient of the peptide-coated cells. For 
immunization against a virus, it would be expected 
that any of the proteins made by the virus would be 
useful as target sequences, as it would be expected 
that uninfected cells would not make any of the 
viral proteins. If a vaccine against a tumor cell 
30 is desired, one must identify the proteins produced 

by the tumor cell which are not normally made by 
the host. To identify proteins which are produced 
in a tumor cell that are not normally present in 
the host can be accomplished by several methods, 
35 including a comparison by electrophoresis of the 

total protein profile of the tumor cells and 
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comparing that profile to that of a normal cell of 
the same tissue. However, it is more convenient to 
identify mutations in normal cellular proteins that 
have led to the tumor phenotype . This is 
5 accomplished by sequencing of a nucleic acid 

obtained from a sample of the tumor tissue. 

The nucleic acid obtained from* a tumor sample 
is preferably DNA, but RNA can also be used. The 
nucleic acid can be sequenced by any of the methods 

10 well-known in the art. For rapid sequencing of DNA 

from a known gene region, the polymerase chain 
reaction (PCR) is commonly used. For designing 
primers for use in the PCR, the practitioner would 
preferably choose sequences expected to be 100-300 

15 bases apart in the nucleic acid to be amplified. 

The separation should be varied considerably, 
however. Primers are typically about 2 0 residues 
in length, but this length can be modified as well- 
known in the art, in view of the particular 

20 sequence to be amplified. Also, the primers should 

not contain, repetitive or self -complementary 
sequences and should have a f G+C content of 
approximately 50%. A computer program for 

designing PCR primers is available (OLIGO 4.0 by 

25 National Biosciences, Inc., 3650 Annapolis Lane, 

Plymouth, MI) . 

Preferable mutations which are useful to 
identify are point mutations that substitute a 
different amino acid for the normally occurring 

30 residue in the normal gene product. However, 

mutations which provide small insertions, or which 
result in the fusion of two proteins which are 
separated in a normal cell are also useful, as the 
immunizing peptide can be made to represent the 

35 portions of the mutant protein which include the 

"breakpoint " regions . 

When choosing the peptide to synthesize, the 
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practitioner should design the sequence so that it 
is soluble. Also it is desirable that the peptide 
sequence be one that is easily synthesized, that 
is, lacks highly reactive side groups. 
Furthermore, the peptide need not be the minimal 
peptide that will bind to the MHC protein. That 
is, the peptide need not be the shortest sequence 
that is bound by the MHC protein. The radiation 
dose that is used in the irradiation step is one 
which is sufficient to inactivate the genomic DNA, 
preventing proliferation of the coated cells'. 
However, the metabolism of the peptide-coated cells 
remains intact and so longer peptides can be 
presented to the cells to be coated and they will 
properly process them for presentation by the 
surface MHC molecules. 
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MODES FOR CARRYTWrt OUT THE THTOott^ 



EXAMPLE 



A mutant P 53 tumor suppress r ^ tein i« a 
for peptide-indno M CD8^ ry i-ptoxic T ™n o 

Cell -mediated immune response against tumors 
is becoming a focus of cancer immunotherapy. 
Success has already been achieved with lymphokine- 
activated killer cells (LAK) (1) , and tumor- 
infiltrating lymphocytes (TIL) (2,3) . Although TIL 
appear to be antigen-specific, in most cases it is 
not yet clear what target antigen they recognize. 
An alternative approach is to identify a gene 
product that is mutated in the cancer cell that 
might serve as a specific antigenic marker for 
malignant cells. Promising candidates for this 
purpose are the products of dominant and recessive 
oncogenes ("tumor suppressor genes"). Recessive 
oncogenes are commonly mutated in cancer cells; 
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among these, p53 is the most commonly mutated gene 
in human cancers (4,5) . Table 1 presents a partial 
list of tumor suppressor genes that have been found 
to be mutated in human cancers. 
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Table l 



Gene 


Chromosome 


Tumor/syndrome 


rb 


13ql4J 


retinoblastoma, small cell lung cancer 


p53 


17pl3 


lung, colon, breast, Li-Fraumeni 


nice, ape 


5q21 


colon, familial polyposis, Gardner's 


dec 


18q21 


colon 


wtl 


Ilpl3 


Wilms tumor 


nfj 


17qll.2 


Neu rofi broma fo<;i ^ 


(VHL) 


3p25 


von Hippel-Lindau 


(MEN2) 


lOq, lp 


multiple endocrine neoplasia, type I 


(MEN1) 


llql3 


multiple endocrine neoplasia, type 2 


MLM 


9pl3-22 


familial melanoma, lung cancer 


? 


3pl4,3p21,3p25 


lung cancer 


? 


17q 


early onset breast cancer 
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Also, some oncogene products are formed by fusion 
of two proteins which are normally separate 
entities as a result of chromosomal rearrangements. 
An example of such a fusion oncogene is the bcr-abl 
oncogene . 

Hence, an element that makes malignant cells 
different from the normal cells is the presence of 
a mutated cellular gene product. It has been found 
that many mutant p53 proteins also can participate 
in transformation, probably acting in a dominant 
negative manner (6) . We propose, therefore, that 
eliciting a cytotoxic T-lymphocyte (CTL) immune 
response to mutated cellular gene products, 
particularly mutated products of protooncogenes or 
tumor suppressor genes can give rise to effective 
tumor therapy. 

Because CTL recognize fragments of 
endogenously synthesized cell proteins brought to 
the cell surface by class I MHC molecules (7-9), 
the mutated gene product does not have to be 
expressed intact on the cell surface to be a target 
for CTL. A crucial requirement for such an 
approach is that an intracellular protein such as 
ras or p53 be broken down, processed, and presented 
by class I MHC molecules. p53 resides primarily in 
the nucleus, where it would not be expected to be 
accessible to the proteolytic machinery in the 
cytoplasm responsible for loading of class I 
molecules, so that only newly synthesized p53 
molecules not yet transported into the nucleus 
might be available for processing. Ras, on the 
other hand, is a protein that is cytoplasmic. 
Although promising results have been reported using 
the ras oncogene product as a T-cell antigen (10, 
11) , data so far have been limited to T-helper 
responses, and not specific CD8 + CTL recognizing 
antigen presented by class I MHC molecules. 
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Here we show that an endogenously synthesized 
mutant p53 protein from a human lung carcinoma can 
render cells targets for CD8 + CTL, and that these 
CTL are specific for the mutation, and can be 
generated by immunization of mice with a synthetic 
peptide corresponding to the mutant sequence of 
p53. 

Peptide synthesis. Synthetic peptides 10-21 
residues long corresponding to the p53 gene 
mutation for T1272 were prepared using standard 
solid-phase peptide synthesis on an Applied 
Biosystems 430 A peptide synthesizer using 
disiopropylcarbodiimide-mediated couplings and 
butyloxycarbonyl (Boc) -protected amino acid 
derivatives, and hydroxybenzotriazole preactivation 
coupling glutamine or asparagine (12) . Peptides 
were cleaved from the resin using the low/high 
hydrogen fluoride (HF) method (13) . Peptides were 
purified to homogeneity by gel filtration and 
reverse phase HPLC. Composition was confirmed and 
concentration determined by amino acid analysis, 
and sequencing where necessary. 

CTL generation: BALB/c (H-2 d ) mice were 
immunized intravenously with 20 x 10 6 spleen cells 
pulsed with various concentrations of T1272 peptide 
for two hours at 37°C and irradiated at 2,000 rad 
(by the method of H. Takahashi, Y. Nakagawa, K. 
Yokomuro, & J. A. Berzofsky, submitted). One week 
later, immune spleen cells (3 x 10 6 /tnl) wer e 
restimulated for six days in vitro with various 
concentrations of T1272 peptide in 10% Rat-T Stim, 
without Con A (Collaboration Research Incorporated, 
Bedford, Mass.) in 24-well culture plates in 
complete T-cell medium (CTM) (14) , a 1:1 mixture of 
RPMI 1640 and Eagle-Hanks amino acid medium 
containing 10% fetal bovine serum, 2 mM L- 
glutamine, penicillin (100 U/ ml), streptomycin 



(100 fig /ml) f and 5 x 10" 5 M 2 mer-captoethanol . 

CTL Assay. Cytolytic activity of the 

restimulated cells was measured as described (15) 
by using a six-hour assay with various 51 Cr-labeled 
targets. For testing the peptide specificity of 
CTL, effectors and 51 CR- labeled targets were mixed 
with various concentrations of peptide at the 
beginning of the assay. The percentage specific 
5I CR release was calculated as 100 (experimental 
release - spontaneous release) / (maximum release - 
spontaneous release) . Maximum release was 

determined from super-natants of cells that were 
lysed by addition of 5% Triton X-100. Spontaneous 
release was determined from target cells incubated 
without added effector cells. 

CTL phenotype determination: Two x 10 3 51 CR- 
labeled BALB/c 3T3 neo gene transf ectants were 
cultured with cells of the long-term anti-T1272 CTL 
line at several effector/target cell ratios in the 
presence of 1 /zM peptide T1272. Monoclonal 
antibodies 2.43 (anti-CD8) (16) (dilution 1:6) and 
GK1.5 (anti-CD4) (17) (dilution 1:3) were added to 
the CTL assay. Rat anti-mouse CD4 mono-clonal 
antibody GK1.5 (17) was provided by R. Hodes (NCI) * 
Rat ant i -mouse CD8 monoclonal antibody 2.43 (16) 
was provided by R. Germain (NIAID) . 

MHC-restriction mapping. L-cell (H-2 k ) 

transf ectants expressing D d (T4.8.3 (18), L d (Tl.l.l 
(19) and K d (B4III-2 (20) ) were used as targets, in 
the presence or absence of 0.1 jzM peptide T1272. 
neo gene transf ected BALB/c 3T3 fibroblasts (18neo) 
(H-2 d ) (21) were used as a positive control, and neo 
gene-transfected L-cells L28 (H-2 k ) (21) were used as 
a negative target control, also in the presence or 
absence of peptide. 

Construction of expression vectors. The full 
open reading frame (ORF) for the mutant p53 was 
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cloned into the pRC/CMV expression vector 
(Invitrogen, San Diego, CA) for endogenous 
processing studies. The mutation determination and 
cloning of the full open reading frame of p53 from 
5 tumor T1272 were described previously (22) . This 

clone was derived by PCR amplification of cDNA 
generated from reverse transcription of tumor RNA, 
with synthetic EcoRl sites at each end, and cloned 
into pGEM4 (ProMega, Madison, WI) . The full open 

10 reading frame was sequenced in both directions to 

exclude artif actual PCR-derived mutations. The 
clone that was sequenced, however, had lost the 
5'EcoRl site in the cloning process. This was 
reconstructed by cutting with SgrAl which cuts the 

15 clone twice, once within p53 5' to the mutation 

size, and once in the vector just upstream from the 
defective multi cloning site, excising the 
defective EcoRl site. Another clone of p53 (T863) 
which had been sequenced and found to be normal 5' 

2 0 to the SgrAl site and also contained SgrAl fragment 

from T1272. This reconstructed an open reading 
frame which could be excised by EcoRl from the 
pGEM4 vector. EcoRl is not a cloning site that is 
available in pRC/CMV, however, so the open reading 

25 frame was then excised with EcoRl and cloned into 

the EcoRl site of PGEM7Zf+ (ProMega, Madison, WI) . 
A clone with the proper orientation was selected, 
and the ORF was then excised with Hindlll and Xbal, 
and cloned into those sites in pRC/CMV. The 

30 structure was verified by restriction mapping. To 

generate murine cell lines which stably expressed 
the entire human T1272 mutant p53 protein, 
transfectants were made with either human T1272 p53 
alone or together with activated H-ras. 10 /xg of 

35 activated ras expression plasmid (pEJ6.6, ATCC, 

• Rockville, MD) and 100 ptg of sonicated salmon sperm 
DNA were mixed in 60 //l of TE (10 mM Tris-HCl, 1 mM 



EDTA pH 8.0) and added to 5 x 10 6 BALB/c 3T3 cells 
(ATCC, harvested in mid log phase) at room 
temperature. This mixture was electroporated using 
a BioRad Gene Pulser (Richmonv, CA) at 3 00 V and 
960 fiF in the 0.4 cm cuvette. The entire contents 
of the cuvette were plated into 7 ml of RPMI 1640 
plus 10% Fetal Bovine Serum (FBS) and 5 mM sodium 
butyrate in a T25 flask. 24 hours later, this 
flask was split to three-10 cm dishes and grown for 
2 weeks in RPMI 1640 + 10% FBS with 500 /zg/ml 
Geneticin (Gibco/BRL, Bethesda, MD) added to those 
transformations which did not contain activated 
ras. Ras containing transfectants were selected by 
focus formation without Geneticin. BALB/c 3T3 {neo 
transfected) foci (colonies growing in the presence 
of Geneticin) were picked and expanded into cell 
lines. As expected, the p53 plus ras transfectans 
had a much higher growth rate than cells 
transfected with p53 and neo alone and selected for 
neomycin resistance. 

All transfectants were tested for p53 
expression by both ELISA on whole cell lysates 
(Oncogene Science, Uniondale,- NY, used according to 
the manufacturer's instructions) and immunoblot 
with Ab-2 (Oncogene Science) as previously 
described (23) . 

Mutations analysis and initial selection of 
peptides. Over 100 p53 mutations from lung cancers 
have been characterized in our lab (22,24-26) . All 
of the tumors used for these studies were collected 
from patients on clinical protocols at the National 
Cancer Institute/Navy Medical Oncology Branch or 
through Lung Cancer Study Group protocols. The 
tumor T1272 (22) was derived from a patient with 
adenocarcinoma of the lung entered on Lung Cancer 
Study Group protocol 871. 

To show that point mutations in the p53 tumor 
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suppressor gene create neo- antigenic determinants 
which can serve as tumor antigens when processed 
and presented by class I MHC molecules, we examined 
a point mutation occurring in a human lung 
5 carcinoma. The mutant p53 gene of non- small -cell 

lung cancer 1272 had been previously sequenced and 
found to have a single point mutation of Cys to Tyr 
at position 135 (22) . We also noted that the 
mutation created a new binding motif sequence 
10 (27,28) for the K d class I MHC molecule by inserting 

a critical Tyr anchor residue. A 21-residue 
sequence from residues 125 to 145 
( TYS PALNKMFYQLAKTCP VQL ) encompassing the point 
mutation was chosen because it corresponded to a 
15 segment predicted to be a potential T-cell 

antigenic site- on the basis of being amphipathic if 
folded as a helix (29-31). The choice of end 
points also took into consideration solubility and 
the preference to avoid more than one Cys residue 
that might result in crosslinking and solubility 
problems. A peptide of this sequence was 
synthesized and dubbed the T1272 peptide, for use 
in immunization and characterization of the 
specificity of CTL. It should be noted that this 
peptide has one difference from the human wild type 
p53, namely the 135 Cys to Tyr mutation noted, 
which is also a mutation with respect to the mouse 
p53. However, it also has two other differences 
from the mouse wild type p53 at which the human 
protein differs (129 Ala in the human p53 which is 
Pro in the mouse, and 133 Met in the human p53 
which is Leu in the mouse) (32). Thus, any 
response to this peptide in the mouse might depend 
on any one or more of these three differences from 
35 the wild type mouse p53 protein. Nevertheless, all 

three of these are point mutations as far as the 
mouse is concerned. Thus, for our purposes, a 
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response to any one of these would demonstrate the 
ability of an endogenous mutant p53 protein to 
serve as a target antigen for CD8 + CTL. 

Immunization of BALB/c (H-2 d ) mice with T1272 
peptide-pulsed spleen cells as described herein 
(Example 2) and restimulation with peptide was used 
to generate CTL specific for this peptide. 
Specificity for T1272 was found at three levels- 
lymphocyte priming, restimulation, and effector 
function. As a negative control peptide we used 
pl8IIIB from the HIV-1 envelope protein, which can 
also be presented to CTL by a class I molecule in 
the same mouse strain (21) . Thus, only T1272 
peptide-pulsed spleen cells, not non-pulsed control 
spleen cells, could prime mice for development of 
CTL able to kill T1272 peptide-sensitized BALB/c 
3T3 fibroblast targets ( "18neo" (21) , transfected 
with the neomycin resistance gene as a control for 
transfection studies; see below (Fig. 1A) . 
Likewise, T1272 peptide was required to restimulate 
immune T cells in vitro to kill the specific target 
(T1272 peptide sensitized BALB/c 3T3 (18neo) 
fibroblasts) (Fig. IB) . Stimulation with no 
peptide (Fig. IB) did not produce CTL activity. At 
the effector level, CTL from T1272-primed and 
restimulated spleen cells preferentially killed 
T1272 sensitized targets and not unpulsed targets 
(Figs. 1A and B) or pl8IIIB sensitized 
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targets (Fig. 1C) . When titrated in the killing 
assay, the T1272 peptide was able to sensitize 
targets at concentrations of less 0.1 /iM, whereas 
the P18IIIB peptide was not recognized at any 
concentration (Fig. 1C) . 

A long-term line of CTL effectors specific for 
T1272 -peptide was established by repetitive 
stimulation of spleen cells from peptide-pulsed 
spleen cell- immunized mice with T1272 peptide and 
a source of IL-2. Treatment of the CTL effector 
cells with anti-CD8 blocking mono- clonal antibody 
2.43 (16), but not with anti-CD4 blocking antibody 
GK1.5 (17), led to loss of killing activity on the 
control fibroblasts incubated in the presence of 
T1272 peptide (Fig. 2A) . In this experiment, 2 x 
10 3 51 Cr-labeled BALB/c 3T3 neo gene transf ectants 
were cultured with cells of the long-term anti- 
T1272 CTL line at several effector/target cell 
ratios in the presence of 1 /xM peptide T1272. 
Monoclonal antibodies 2.43 (anti-CD8) (16) 
(dilution 1:6) and GK1 . 5 (anti-CD4) (17) (dilution 
1:3) were added to the CTL assay. The control 
group was untreated. 

The result of the experiment shows that the 
effector cells that recognize and kill peptide- 
bearing cells in this system are conventional CD8 + 
CD4" CTL. Beyond simply phenotyping the cells in 
the ■ population responsible for the killing 
activity, this experiment also shows that the CD8 
molecule plays a functional role in the CTL 
response, indicative of recognition of antigen 
presented by class I MHC molecules. 

The BALB/c 3T3 (18neo) fibroblasts (H-2 d ) used 
as targets in these experiments express class I but 
not class II MHC gene products. Therefore, the 
T1272-specific CTL capable of lysing the peptide- 
bearing fibroblasts were likely to be class I MHC 



molecule-restricted, as is usual for CD8 + effector 
T cells and is suggested by the anti-CD8 blocking 
study. To distinguish among the three H-2 d class I 
molecules of BALB/c, D d , L d , and K d , we used three L- 
cell (H-2 k ) transfectants, T4.8.3 (18), Tl.1.1 (19), 
and B4III-2 (20), expressing the D d , L d , and K d MHC 
molecules, respectively, and demonstrated that 
recognition of T1272 peptide is restricted by the 
class I molecule K d , but not the L d and D d molecules 
(Fig. 2B) . 

In this experiment, 2 x 10 3 51 Cr-labeled targets 
were cultured with T1272-immune splenic effector 
cells (a short-term line stimulated twice with 0.1 
MM peptide) at several effector/target cell ratios 
in the presence or absence of 0.1 fiM peptide T1272. 
L-cell (H-2 k ) transfectants expressing D d (T4.8.3 
(18)), L d (Tl.1.1 (19)) and K d (B4III-2 (20)) were 
used as targets. neo gene transfected BALB/c 3T3 
fibroblasts (18neo) (H-2 d ) (21) were used as a 
positive control, and neo gene-transf ected L-cells 
L28 (H-2 k ) (21) were used as a negative target 
control. Spontaneous release was less than 20% of 
maximal release . Although background without 
peptide varied among the different transfectants 
from experiment to experiment, T1272 peptide- 
specific lysis was consistently seen only in the 
cells expressing K d , in five different experiments. 
L cell fibroblasts expressing only H-2 k served as a 
negative control . This result is consistent with 
the creation of a new I^-binding motif (27,28) by 
the p53 point mutation, as noted above. 

To more precisely identify the T-cell epitope 
recognized by T1272 -specific BALB/c CTL, and to 
test the hypothesis that the response was specific 
for the neo- antigenic determinant created by the 
mutation, a series of peptides was synthesized and 
various concentrations of these peptides were 
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individually added to effectors and 51 Cr- labeled 
fibroblast targets at the start of the assay 
culture. We measured the cytotoxic activity of two 
types of effector cells: spleen cells front mice 
5 immunized with peptide-pulsed cells stimulated once 

in vitro with 0.1 /xM T1272 peptide (presumably 
polyclonal effector populations) , and a short-term 
CTL line (possibly an oligoclonal population, 
although only three weeks in culture) . Using three 

10 overlapping larger fragments 12-14 residues long 

spanning the whole T1272 sequence, we first mapped 
the determinant to be within the C-terminal 14 
residues of the T1272 peptide. This contained the 
putative new I^-binding motif (27,28) . The mapping 

15 to this motif was confirmed by use of a 10-residue 

peptide, V10, corresponding to this motif, which 
was found to have higher activity than the whole 
T1272 peptide (Table 2) . 
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Table 2 

Mapping of a neoanrigenic CTL site in the T1272 mutant p53 peptide in H-2 d 

mice. 

Peptide Sequence % specific 51 Cr release 



Immune CTL 

+ spleen cells line 

T1272 TYSPALNKMFYQLAKTCPVQL 35.4 24.7 

L13 TYSPALNKMFYQL 14.7, -8.9 

T12 A3LNKMFYQLAKT 9.7 -9.1 

L14 KMFYQLAKTCPVQL 22.2 22. 1 

V10 FYQLAKTCPV 62.7 53.7 



CTL effectors were spleen cells derived from the 10 pM T1272 peptide-pulsed 
spleen cell-immunized BALB/c mice (restimulated 6 days with 0.1 pM T1272 peptide) 
(left) or a short-term T1272-specific BALB/c CTL line (after 3 weeks in culture) (right). 
BALB/c 3T3 neo-only transfectants (18neo) (H-2 d ) plus 0.1 \sM synthetic peptide were 
used as targets with BALB/c spleen effectors or with 1.0 pM peptide for the CTL line. 
The peptides were titrated over two logs of concentration, and the results shown here are 
representative. The effector/target cell ratio was 40: 1. The arrow and bold-face amino 
acids indicate the site of the 135 Cys to Tyr mutation. Underlined amino acids 
correspond to human p53 residues which differ from the mouse p53. Comparable results 
were obtained in two additional experiments. 
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Consistent results were found over two logs of 
peptide concentration (0,01-1 jxM) , and 
representative results are shown in Table 2. The 
K d motif requires a Tyr at position 2 and an 
5 aliphatic amino acid, such as Val, at the C- 

terminus. Usually the K d -binding motif is 9 
residues long, but the presence of a Pro residue 
pre-sumably allows enough of a bulge to permit the 
10-residue peptide to bind, as has been shown in 

10 several other systems (33-37) . Note also that the 

optimal 10 residue peptide VI 0 does not encompass 
any of the mouse-human differences, so the MHC 
recognition is not dependent on these other 
substitutions relative to the mouse sequence which 

15 might appear as foreign to the mouse. 

Generation of peptide -specific CTL does not 
always guarantee that the CTL will kill targets 
endogenously expressing the protein from which the 
peptide was derived (38) . It is also necessary 

20 that the endogenous protein be processed in such a 

way as to generate the CTL antigenic site, and that 
the corresponding peptide fragment be transported 
into the endoplasmic reticulum of the cell and be 
associated with the relevant MHC class I molecule 

25 (7-9) . Whereas, in general, cells exposed to 

exogenous synthetic peptide do not require 
endogenous processing of antigen (39) , transfected 
cells expressing endogenous antigen generally do 
(7,4 0) . Therefore, we asked whether the CTL we had 

30 generated could also kill targets transfected with 

and expressing an endogenous mutant T1272 p53. In 
this case we found that immunization with T1272 
peptide-pulsed spleen cells and restimulation with 
peptide generated CTL that lysed cells expressing 

35 an endogenous mutant p53 T1272 gene in the absence 

of any peptide added, but not control BALB/c 3T3 
(18neo) cells that were transfected only with the 



neomycin resistance gene (Fig. 3A) . The steady- 
state level of p53 expression by ELISA analysis in 
this transfectant (0.18 ng/mg protein) is near the 
low end of the range of mutant p53 levels found in 
naturally occurring tumors (0.1 to 70 ng/mg 
protein) In addition to this cell line (T1272 
transfectant -5) , three other transfectant s that 
were cotransf ected with the T1272 mutant p53 gene 
and ras, were also lysed specifically (Fig. 3B) . 
These latter ras cotransf ectants were tumorigenic 
in BALB/c mice. Finally, as a specificity control, 
BALB/c 3T3 fibroblasts trans- f ected with a 
different mutant human p53, T104 (with a three 
base-pair in-frame deletion of codon 239 (24) , that 
has the wild type sequence in the region of the 
T1272 mutation at codon 135) , was not lysed any 
more than the 18neo control targets (Fig. 3C) . The 
T104 transfectant expresses a comparable level of 
mutant human p53 (0.19 ng/mg protein) to that 
expressed by the T1272 trans -feet ant -5 used in this 
experiment. This result confirms that the CTL are 
recognizing a neoantigenic determinant in the 
mutant p53 protein created by the mutation at 
position 135, and not just the mouse-human 
differences. Similar results were obtained in a 
repeat experiment. Thus, we conclude that mutant 
p53 is endogenously processed and presented by 
class I MHC molecules, and is therefore a 
potentially good target for specific cell-mediated 
immunity against tumors bearing such p53 mutations. 

The use of peptide vaccines in eliciting tumor 
immunity may have advantages in immunotherapy. In 
the- case of viruses, Kast et al (41) and Schulz et 
al (42) have been able to achieve protection by 
immunization with peptides corresponding to CTL 
antigenic sites of the virus. As for tumors, Chen 
et al (43) observed protection against a tumor 
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expressing HPV 16 E7 in C3H mice, that was 
dependent on CD8 + T cells, when those animals were 
immunized with cells transfected with the E7 gene, 
but peptides were not studied and the determinant 
5 was not mapped. E7 is a viral protein, even though 

it functions as an oncogene product. Thus, it was 
not clear that a mutant endogenous cellular 
oncogene product, in this case a mutant form of the 
normal cellular tumor suppressor gene p53, could 

10 serve as a target for CD8 + CTL, or that a peptide 

could elicit such immunity. Indeed, because p53 
resides primarily in the nucleus, it was not clear' 
if sufficient p53 would be available in the cyto- 
plasm to be processed for presentation by class I 

15 MHC molecules. Our own experiments showed that 

CD8 + CTL recognized mutant p53 T1272 gene- 
transfected cells as well as T1272 peptide-bearing 
cells, that these CTL were specific for a neo- 
antigenic determinant created by the oncogenic 

20 point mutation, and that these CTL could be 

generated by peptide immunization. 

Rapid methods for sequencing p53 mutations 
from tumors have been developed (26) . It is 
expected that these methods can easily be used to 

25 identify the sequences of other known genes. Thus, 

it is entirely feasible to sequence the protein 
coding region of a number of probable genes to 
search for mutations which are present in the 
genome of cells from a tumor biopsy sample. In 

30 particular, the availability of PCR primers which 

saturate the protein coding regions of known 
protooncogenes and tumor suppressor genes, since 
the DNA sequence of many of these genes are known, 
allows the rapid determination of the sequence of 

35 their gene products from DNA isolated from a biopsy 

specimen. This technology is well-known in the 
art . Such sequences determined on biopsy specimens 



or tumors resected at surgery could be used to 
design synthetic peptides for immunization for 
immunotherapy, or after surgery as "adjuvant" 
immunotherapy . Although immunization with 

autologous peripheral blood cells incubated 
briefly in peptide and reinfused may be more 
cumbersome than immunization with an "off-the- 
shelf" vaccine, as a form of immunotherapy, it 
certainly requires less effort and expense than in 
vitro expansion of tumor infiltrating lymphocytes 
(TIL) for reinfusion, or other similar forms of 
adoptive cellular immunotherapy. As a preliminary 
step, one could also determine whether CTL specific 
for the mutant oncogene peptide already existed in 
a patient's peripheral blood or tumor- infiltrating 
lymphocytes. If so, peptide immunization might 
boost an inadequate response to levels capable of 
rejecting the tumor, or to a level sufficient for 
clearing micrometastases after resection of the 
primary tumor. If not, peptide immunization might 
still be efficacious, because cells pulsed with 
high concentrations of the peptide may be more 
immunogenic than the tumor cell. Once generated, 
the CTL may recognize low levels of the 
endogenously processed mutant oncogene product 
presented by class I MHC molecules on cells of the 
tumor. Indeed, evidence exists that the 

requirements for immunogenicity to elicit CTL are 
greater than the requirements for antigenicity. 
That is, recognition of an antigen by CTL already 
elicited by some other type of immunization 
requires a lower amount of antigen than that 
required to initially provoke the CTL response 
(44) . . The current finding that endogenously 
expressed p53 can serve as a target antigen for 
cell lysis by CD8 + CTL generated by peptide 
immunization lends credibility to this approach to 



potential vaccine immunotherapy of cancer. 



EXAMPLE II 

Induction of CD8 + CTL by immunization with 
syngeneic irradiated HIV-l envelope derived 
peptide -pulsed dendritic cells . 

For many viruses, the greatest anti-viral 
immunity arises from natural infection, and this 
immunity has been best mimicked by live attenuated 
virus vaccines. However, in the case of HIV, such 
live attenuated organisms may be considered too 
risky for uninfected human recipients because such 
retroviruses have the potential risks of 
integrating viral genome into the host cellular 
chromosomes, and of inducing immune disorders. To 
reduce these risks, an alternative is to use pure, 
well -characterized proteins or synthetic peptides 
that contain immunodominant determinants for both 
humoral and cellular immunity. An important 
component of cellular immunity consists of class I 
MHC restricted CD8 + cytotoxic T lymphocytes (CTL) 
that kill virus infected- cells and are thought to 
be major effectors for preventing viral infection. 

However, to prime such class I -MHC molecule 
re-stricted CD8 + CTL with non-living antigen, such 
as a recombinant molecule or synthetic peptide, has 
been thought very difficult to accomplish. We have 
reported that we could prime CD8 + CTL by immunizing 
with immuno- stimulating complexes (ISCOMs) 
containing purified intact recombinant gp!60 
envelope glycoprotein of HIV-l (45) . Several recent 
pieces of evidence (46-48) indicate that certain 
antibodies against HIV-l envelope gplGO protein may 
enhance infect ivity of the virus for monocytes and 
macrophages. These observations suggest that 
intact gpl60 may have a risk of inducing 
deleterious antibodies. Therefore, an artificial 
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vaccine construct might be preferable containing 
only antigenic determinants that could induce CD8"* 
CTL as well as neutralizing antibodies and helper 
T cells. 

We have identified an immunodominant 
determinant for CTL in the gp!60 envelope protein 
in mice (21) that is also seen by human CTL (49) . 
In addition, the same epitope is recognized by the 
major neutralizing anti-bodies (50-52) and by 
helper T cells (53). Thus, the synthetic peptide 
containing this determinant can be a good candidate 
for a subunit vaccine or a component thereof. 
Making use of the fact that CTL precursors do not 
seem to distinguish between virus-infected cells 
and virus-derived peptide-pulsed cells, we show 
here the requirements for eliciting CD8 + CTL 
specific for this viral epitope by a single low- 
dose immunization with peptide-pretreated 
irradiated syngeneic cells, in particular dendritic 
cells (DC), without using any harmful adjuvant. 

Mice. BALB/c (H-2 d ) , mice were obtained from 
Charles river Japan Inc. (Tokyo Japan) . Mice were 
used at 6 to 12 wk of age for immunization. 

Recombinant Vaccinia Viruses, vSC-8 
(recombinant vaccinia vector containing the 
bacterial lacZ gene), and vSC-25 (recombinant 
vaccinia vector expressing the HIV env glycoprotein 
gpl60 of the HTLV IIIB isolate without other HIV 
structural or regulatory proteins) have been 
described previously (54) . 

Transf ectants . BALB/c. 3T3 (H-2 d ) fibroblast 
transfectants expressing HIV-1 gpl60 of IIIB 
isolate and control transfectants with only the 
selectable marker gene were derived as described 
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previously (21) Also, mouse L-cell (H-2 k ) cell 
clones stably transfected with H-2D d (T4.8.3) (18) , 
H-2L d (T. 1.1-1) (18), and H-2K d (B4III2) (20) were 
used to determine class I MHC restriction of 
generated CTL. 

Dendritic cells (DC) . As described by 
Steinman et al (55) , DC were isolated from 
nonadherent spleen cells after overnight culture of 
fresh adherent spleen cells in tissue culture 
plates. Briefly, spleen cells were fractionated an 
a discontinuous gradient of BSA (r=1.080). The 
low-density fraction was allowed to adhere on a 
plastic dish for 2 hr, and non-adherent cells were 
discarded and medium was replaced. After an 
additional 18 hr incubation, non- adherent cells 
were collected and contaminating macrophages and B 
cells were removed by rosetting with antibody- 
coated sheep red blood cells. 

B cell Preparation. B cells were prepared 
from spleen cells of unprimed mice by removal of 
other antigen presenting cells by passage over 
Sephadex G-10 columns, and by depletion of T cells 
by treatment with ant i- Thy -1 antibody plus 
complement, as described previously (56) . 

Monoclonal Antibodies (mAb). The following 
mAb were used : anti-CD4 (RL172.4; rat IgM) (57), 
anti-CD8 (3.115; rat IgM) (16, anti-A d & E d (M5/114; 
rat IgM) (58) . 

Peptide Synthesis and Purification. Peptide 
18IIIB was synthesized by solid phase techniques by 
Peninsula Laboratories, Balmont, CA, and has a 
single peak by reverse phase HPLC in 2 different 
solvent systems, as well as thin layer 



chromatography, and had the appropriate amino acid 
analysis. Other peptides were synthesized on an 
Applied Biosystems 430A synthesizer using standard 
t-BOC chemistry (59), and purified by gel 
filtration and reverse phase HPLC. 

CTL Generation. Immunizations were carried 
out either subcutaneously (s.c.) in the base of the 
tail, or intraperitoneally (i.p.), or intravenously 
(i.v.) from the tail vein with 27 G needle. 
Several weeks later, immune spleen cells (5 xl0 6 /ml 
in 24 -well culture plates in complete T-cell medium 
(a 1:1 mixture of RPMI 1640 and EHAA medium 
containing 10% FCS, 2 mM L-glutamine, 100 U/ml 
penicillin, 100 fig/ml streptomycin and 5 x 10~ 5 M 2- 
mercaptoethanol) ) were restimulated for 6 days in 
vitro with mitomycin-C treated HIV-1-IIIB envelope 
gpl60 gene transfected histocompatible BALB/c.3T3 
fibroblasts alone or in the presence of 10% Rat 
Con-A supernatant -containing medium (Rat T-cell 
Monoclone) (Collaborative Research, Inc., Bedford, 
MA) or 10 U/ml of recombinant mouse IL-2 (rIL-2) 
(Genzyme, Boston, MA) . 

CTL assay. After culture for 6 days, 
cytolytic activity of the restimulated cells was 
measured as previously described (21) using a 6 hr 
assay with various 51 Cr- labelled targets, as 
indicated in the figure legends. For testing the 
peptide specificity of CTL, effectors and 51 Cr- 
labelled targets were mixed with various concen- 
trations of peptide at the beginning of the assay 
or pulsed with 1 fiM of the target peptide for 2 
hours. The percent specific 51 Cr release was 
calculated as 100 (experimental release 
spontaneous release)/ (maximum release 
spontaneous release) . Maximum release was 



determined from supernatants of cells that were 
lysed by addition of 5% Triton-X 100. Spontaneous 
release was determined from target cells incubated 
without added effector cells. Standard errors of 
the means of triplicate cultures was always less 
than 5 % of the mean. 

Induction of e pitope-specif ic CTL by immunization 
intra- venouslv with syngeneic irradiated HIV-1 
envelope deri ved peptide -pulsed spleen cells . 

As a model peptide to elicit specific CTL, we 
selected peptide 18IIIB ( R I QRGPGRAFVTIGK ) , which we 
have previously identified as an immunodominant CTL 
epitope from the human immunodeficiency virus type 
1 of IIIB isolate (HIV-1-IIIB) envelope 
glycoprotein gpl60 seen by murine and human CTL 
(21,49) . This peptide is recognized by class I MHC 
molecule (D d ) -restricted murine CD8 + CTL (60) or by 
HLA-A2 or A3 molecule-restricted human CD8 + CTL 
(49) . Five X 10 7 /ml of BALB/c spleen cells which 
express D d molecules were incubated with 5/zM peptide 
18IIIB in 1ml of 10% fetal calf serum containing 
RPMI164 0 for 2 hours, sufficient time for 
association of this peptide with MHC molecules. 
Then the peptide-pulsed spleen cells were 3300-rad 
irradiated and washed twice with RPMI1640 to remove 
free peptide. The cell number was adjusted to 2-4 
x 10 7 /ml and 0.2 ml of the treated cells (4-8 x 10 6 ) 
were innoculated intravenously 'into syngeneic 
BALB/c mice. After 3-4 weeks, immune spleen cells 
were restimulated in vitro with mitomycin-C treated 
HIV-l-lliB envelope gpl60 gene transfected 
syngeneic BALB/c. 3T3 fibroblasts with or without 
interleukin 2 (IL-2) . Highly specific CTL that 
could kill fibroblast targets either expressing the 
whole HIV-l gpl60 envelope gene or pulsed with a 
15-residue synthetic peptide 18IIIB were generated 
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(Figure 4A) . In a kinetic analysis of this 
immunization method for CTL induction, highly 
specific CTL activity was obtained from one month 
to at least three months after the immunization, 
5 and some activity remained at six months (Table 3) . 

Between one to two weeks after the immunization, 
we sometimes observed non-specific or very weak CTL 
activity. This may be because it takes some time 
to prime CD8 + CTL precursors with peptide -pulsed 
10 cells in vivo, or because CTL are primed outside 

the spleen and migrate there only sometime later. 
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Table 3. 



Targets (% specific lyslO 



Dnratinn oTt^r P/T" 


gpl 60IHB-transfected 


1 OT7TD _** i \t ■ 

lollIB-sensiuzed Normal 




liniuuiiizauon / 


ratio 


BALB/CJT3 


BALB/C.3T3 


BALB/c. 


1 week 


80/1 


24.3 


27.5 


28.0 




40/1 


15.0 


19.7 


20.2 




20/1 


10.7 


14.6 


13.6 


2 week 


80/1 


12.2 


6.2 


3.7 




40/1 


7.5 


3.7 


2.3 




20/1 


4.7 


2.0 


2.5 


4 week 


80/1 


44.1 


46.8 


12 




40/1 


33.1 


31.6 


2.6 




20/1 


24.1 


21.2 


1.9 


2 month 


80/1 


49.0 


64.4 


9.1 




40/1 


31.9 


46.5 


5.9 




20/1 


28.7 


31.5 


3.1 


3 month 


80/1 


58.9 


54.2 


11.7 




40/1 


40.5 


31.8 


63 




20/1 


28.0 


20.4 


4.0 


6 month 


80/1 


19.8 


19.4 


6.6 




40/1 


13.5 


11.5 


4.0 




20/1 


9,4 


8.5 


3.3 



' Immune spleen cells were restimulated with mitomycin-C treated gpl60-IHB gene transferee! 
B ALB/c.3T3 fibroblast for 6-day and tested their cytotoxic activities. 
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Effect of irradiation of peptide-pulsed spleen 
cells on CTL priming . 

When BALB/c mice were primed intravenously 
with peptide-pulsed syngenic spleen cells, we found 
5 that 3 3 00 rad irradiated cells, not unirradiated 

cells, induce highly specific CTL (Figure 4A) . To 
determine the optimal irradiation dose to peptide- 
pulsed cells for CTL induction, we varied the 
radiation dose (Figure 4B) . CTL were primed in 

10 vivo effectively equally well when the pulsed cells 

were irradiated with 2200 or 3300 rad, but 1100 rad 
irradiated cells generated lower CTL activity, 
albeit still significant compared to un-irradiated 
cells. This result suggested that i .v. -injected, 

15 irradiated (damaged) cells may more easily 

accumulate in, or home to, the spleen of the 
immunized mice to present the immuno-genic peptide 
for priming CD8 + CTL precursors, and these damaged 
cells may act like virus-infected damaged cells 

20 expressing viral antigenic peptide on the surface 

of the cells. Irradiated cells may be more readily 
phagocytosed by other cells that actually present 
the antigen to T cells. Alternatively, because B 
cells are sensitive to 2200-3300 rad but not 1100 

25 rad (61), it is possible that non-B cells (e.g. 

macrophages or dendritic cells) are responsible for 
presentation, and B cells interfere (see below) . 



Comparison of route for immunization with peptide- 
pulsed spleen cells. 

30 To examine the relative efficacy of different 

routes of immunization for CTL priming, we 
immunized BALB/c mice intraperitonealy (i.p.), 
subcutaneously (s.c), or intra- venously (i.v.) 
with peptide 18IIIB-pulsed syngeneic irradiated 

35 spleen cells. Although specific CTL activity was 

induced to some extent by s.c. or i.p. immunization 
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as compared with unimmunized mice, the level of 
killing was always much weaker than that induced by- 
intravenous (i.v.) immunization (Figure 5). 

Phenotvoe and class I MHC restriction of the CTL 
induced bv peptide-pulsed spleen cells 
immunization. 

Treatment of the CTL effector cells induced by 
this method with anti-CD8 + monoclonal antibody plus 
rabbit complement led to complete loss of killing 
activity on fibroblast targets either expressing 
the whole gpl60 gene of the IIIB strain or pulsed 
with epitope peptide 18IIIB. However, no effect 
was observed when the CTL were treated with either 
anti-CD4 + monoclonal antibody plus complement or 
complement alone (Figure 6) . In addition, H-2 k L- 
cell transf ectants expressing the D d class I MHC 
molecule were killed by the CTL in the presence of 
peptide 18IIIB, whereas untransf ected L cells were 
not (data not shown) . These data clearly show that 
CTL effectors induced by this approach are 
conventional CD4" CD8 + class I MHC-molecule 
restricted CTL, and recognize peptide 18IIIB with 
the same class I molecule, D d , as those induced by 
immunization with live recombinant vaccinia virus 
expressing the HIV-1 IIIB gp!60 envelope gene 
(21) . 

Characterization of the cells in the inoculum 
responsible for in vivo induction of peptide- 
specific CD8+ CTL. 

Since most professional antigen-presenting 
cells (APCs) express class II MHC molecules, we 
asked whether the cell presenting peptide with 
class I MHC molecules in this case also was a class 
II-positive cell. To investigate this question, 
BALB/c mice were immunized i.v. with 18IIIB pulsed 



irradiated spleen cells pretreated with anti-class 
II MHC (A d & E d ) monoclonal antibody (M5/114) plus 
complement. This treatment almost completely 
abrogated CTL induction even though re-stimulation 
was done in the presence of IL-2 (Figure 7) . The 
results suggest that class II MHC molecule -bearing 
cells are required to carry viral peptide antigen 
to prime CD8 + CTL and/or that class II MHC molecule - 
restricted CD4 + helper T cells may also need to be 
primed to elicit class I MHC restricted CD8 + CTL. 
To further characterize the class II positive cells 
involved, splenic dendritic cells (DC) were pulsed 
with peptide 18IIIB, 3300 rad irradiated and 
inoculated intravenously into BALB/c mice via the 
tail vein. Highly specific CTL activity was 
observed when the immune spleen cells of these mice 
were restimulated with mitomycin- C treated 
BALB/c. 3T3 fibroblasts transfected with the HIV-1- 
gpl60 envelope gene (Figure 8A) . In addition, 
peptide 18IIIB-pulsed irradiated splenic adherent 
cells after removal of DC were also tested for 
immunization. In this case, the level of CTL was 
very low as compared to DC immunization (Figure 
8B) . Furthermore, we compared the difference in 
efficacy between irradiated DC and un- irradiated DC 
for priming CD8 + CTL. The results consistently 
showed that better CTL priming could be obtained 
when irradiated DC were used (Figure 8C) . Thus, : 
among class II MHC molecule bearing cells, 
dendritic cells are particularly effective in 
presenting antigenic peptide to prime class I-MHC 
molecule -restricted CD8 + CTL. Because irradiation 
enhanced activity, we asked whether radiosensitive 
B cells might interfere with presentation by DC, 
as suggested above. We added 1 x 10 6 unirradiated 
B cells to 2 x 10 5 .2200-rad irradiated DC during in- 
cubation with peptide 18IIIB before immunization. 
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Although we observed a slight decrease of CTL 
activity by this approach, the effect of additional 
B cells was not sufficient to explain the 
requirement for irradiation as needed solely to 
5 eliminate B cells. (Figure 8D) . In a repeat 

experiment (not shown) , even a 10-fold excess of 
un- irradiated B cells had no inhibitory effect on 
the immunization with irradiated DC. Finally, 
depletion of B cells from spleen cell populations 

10 using anti-immuno globulin and complement failed to 

obviate the need for irradiation (data not shown) . 
For all of these reasons, we conclude that the 
primary function of irradiation is not to eliminate 
an inhibitory effect of radiosensitive B cells as 

15 presenting cells. 

The minimal size peptide recognized bv specific CTL 
can prime CD8 + CTL. 

Several laboratories have reported that the 
actual epitope peptide recognized by class I MHC 
molecule-restricted CD8 + CTL is composed of around 
9 amino acid residues (28:62,63). 

Using a series of truncated peptides, we have 
determined the minimum size of the peptide seen by 
IIIB-specif ic CTL as 10 amino acids, 18IIIB-I-10 
25 (residues 318 through 327, RGPGRAFVTI) (64) . The 

epitope peptide 18IIIB recognized by D d class I MHC 
molecule-restricted CTL is also seen by A d class II 
MHC molecule -restricted helper T cells (53) . 
Although the shorter peptide 18IIIB-I-10 has not 
been proven to be recognized by helper T cells, re- 
sults to be reported elsewhere indicate that it can 
bind to I-A d and stimulate IL-2 production by CD8- 
depleted immune spleen cells. 

Therefore, we tried to immunize BALB/c mice with 
35 irradiated spleen cells pulsed with this shorter 

peptide. The results clearly demonstrate that the 



20 



30 
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minimal 10-mer of peptide 18IIIB-I-10 can prime 
CD8 + CTL almost as well as 18IIIB without adding 
IL-2 exogenously (Figure 9) . Therefore, this 
shorter peptide 18IIIB-I-10 can be utilized as a 
peptide vaccine candidate to prime both CD4 + helper 
T cells and CD8 + CTL. 

The difference between peptide-pulsed cell 
immunization and peptide in adjuvant immunization. 

To compare peptide-pulsed cell immunization 
and conventional peptide -in-adj'uvant immunization, 
we immunized BALB/c mice either with 18IIIB-pulsed 
syngeneic irradiated spleen cells or with 18IIIB 
emulsified in CFA (complete Freund's adjuvant) . 
When the immune spleen cells of these mice were 
restimulated with HIV-1-IIIB gpl60 gene transfected 
BALB/c. 3T3 fibroblasts, far stronger CTL activity 
was obtained in the former group of immune mice 
(Figure 10) . Therefore, peptide-pulsed cell 
immunization may prime CD8 + CTL more efficiently 
than peptide in. CFA. As a specificity control, we 
show mice immunized with spleen cells pulsed with 
an MCMV peptide, as well as unimmunized mice. 
Thus, spleen cell immuni-zation does not non- 
specifically induce a CTL response, but rather 
requires the specific peptide. 

Immunization with spleen cells pulsed with peptide 
in the presence of normal mouse serum instead of 
fetal calf serum. 

Because the spleen cells were always pulsed 
with peptide in the presence of fetal calf serum, 
we con-sidered the possibility that the fetal calf 
serum provided a source of foreign proteins that 
could be taken up by the dendritic cells and 
stimulate T-cell help that might contribute to the 
response. In applying the pulsed cell immunization 
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technique to humans, it would be preferable if it 
worked in autologous serum, without foreign 
proteins. To test this possibility, mice were 
immunized with spleen cells pulsed with P18IIIB in 
the presence of syngeneic normal mouse serum 
instead of fetal calf serum, and the resulting 
effectors tested against fibroblast targets 
expressing endogenous gpl60 or pulsed with P18IIIB 
peptide (Fig. 11) . The result showed that spleen 
cells pulsed in the presence of normal mouse serum, 
that had never been exposed to calf serum, were 
sufficient to elicit peptide- specif ic CTL. 
Therefore, exposure to a foreign protein source is 
not necessary for this activity. 

We found that we could prime class I D d 
molecule- restricted CD8 + CTL when BALB/c mice were 
injected i.v. with 2-4 x 10 6 syngeneic 3300 rad 
irradiated spleen cells briefly pulsed with an 
epitope -containing peptide. In comparison with the 
i.p. or s.c. route, i.v. immunization was most 
effective at generating CTL activity. It is 
interesting that we could not induce specific CTL 
activity without irradiation of the cells before 
injection. This result may be due to differences 
in homing patterns of irradiated and unirradiated 
cells; with irradiation damaged peptide -pulsed 
cells possibly accumulating in the spleen where CTL 
precursors may be primed. Alternatively, it may 
reflect differential radiation sensitivity of 
different APC populations, B cells being more 
sensitive to > 1100 rad (21) . However, since 
addition of B cells to irradiated DC did not 
significantly reduce the activity, and B-cell 
depletion did not substitute for irradiation, this 
alternative appears less likely. 

Staerz and his colleagues (67) have 
demonstrated that class I MHC restricted CD8 + CTL 



specific for trypsin digested or CNBr treated 
ovalbumin can be induced with, soluble protein when 
C57BL/6 mice were immunized intravenously with 
syngeneic spleen cells incubated with soluble 
ovalbumin and their immune spleen cells were 
restimulated in vitro with CNBr- fragmented 
ovalbumin. They also indicated that they failed to 
induce such CTL response against EL-4 targets with 
trypsin digested ovalbumin , whereas immunization 
with undigested ovalbumin always resulted in 
response to epitopes exposed by trypsin digestion. 
These results suggest that trypsinized peptide 
fragments are antigenic but not immunogenic in this 
kind of approach. 

So far only a few groups have succeeded in 
eliciting specific CD8 + CTL responses by in vivo 
immunization with peptides. Deres et al (68) have 
reported that they could generate influenza virus 
specific CTL by in vivo priming with synthetic 
viral peptides covalently linked to a lipid 
component. Recently, Aichele and co-workers (69) 
have demonstrated induction of lymphocytic 
choriomeningitis virus (LCMV) specific class I L d 
molecule-restricted CD8 + CTL by three s.c. 
immunizations with a high dose (100 /xg) of a 15-mer 
peptide in incomplete Freund's adjuvant (IFA) . 
Using a high dose of a 15 -residue peptide derived 
from Sendai virus nucleoprotein emulsified in IFA 
for s.c. immunization of B6 mice, Kast et al (41) 
have also succeeded in priming virus- specif ic CTL 
that protected against Sendai virus infection. 
However, they failed to induce a detectable CTL 
response by the intravenous in-jection of free 
epitopic peptide. Similar results were obtained by 
Gao and co-workers by s.c. or i.p. immuni-zation 
with a peptide derived from influenza virus in 
either complete Freund's adjuvant (CFA) or IFA 
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(70) . It is interesting to note that almost every 
group has indi-cated a failure to prime CTL by i.v. 
immunization with free synthetic peptide. 

However, peptide-pulsed cell immunization appears 

5 to be a far more efficient way to prime CD8 + CTL 

than immunization with CFA plus peptide, and much 
lower doses of peptide are sufficient after a 
single immunization. 

Our results demonstrate that class II MHC 
10 molecule -bearing cells, in particular DC but not 

adherent macro-phages, are the major cells for 
carrying antigenic peptide to prime CD8 + CTL. 
Debrick et al. (71) demonstrated that macrophages 
act as accessory cells for priming CD8 + CTL in vivo 

15 using OVA as an antigen, though they found that 

macrophages do not bind exogenous antigen as 
peptides. Taken together, we speculate that 
adherent macrophages may take up exogenous viral 
antigenic protein or endogenously produce viral 

20 protein after infection and present frag-mented 

viral peptide to DC in vivo. 

Also, Macatonia et al (72) showed that both 
primary antiviral proliferative T cell responses 
and virus-specific CTL can be induced by 

25 stimulating unprimed spleen cells with DC infected 

by influenza virus. Similarly, Melief's group 
reported that DC are superior to the other cell 
types in the presentation of Sendai virus to CTL- 
precursors (73) and that immunization with male H- 

30 Y-expressing DC can prime H-Y specific class I-MHC 

re-stricted CTL in female mice (74) . Likewise, 
Singer et al. (75) have shown that class II- 
positive Sephadex GlO-ad-herent cells (macrophages 
and/or DC) are important for the CD8 + CTL response 

35 to the class I alloantigen K bml . These results 

indicate that DC may be the key cells to present 
alloantigens and endogenously synthesized epitopes 
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of viral or minor histocompati-bility gene-derived 
proteins to class I -restricted CD8 + CTL as well as 
class II-re-stricted CD4 + helper T cells. However, 
these studies did not examine immunization with DC 
pulsed with defined synthetic peptides. In the 
case of class II MHC mole-cules, Inaba et al (76) 
reported that class II MHC re-stricted helper T 
cells can be elicited by footpad immuni-zation with 
antigen-pulsed DC. Thus, both class II MHC- 
restricted helper T cells and class I MHC- 
restricted CTL can be primed in vivo by DC with 
antigenic peptide. 

It is noteworthy that priming with pulsed DC 
by i.v. immunization appears far more potent than 
by s.c. or i.p. immunization and a single 
immunization will result in immunity lasting at 
least 3-6 months. If CTL precursors cannot 
distinguish between virus-infected cells and viral - 
peptide pulsed cells on which the appropriate size 
of trimmed peptide may fit in the groove of class 
I MHC molecules, this method seems to reflect more 
closely natural virus infection. From this point 
of view, this method will be more applicable than 
other immunization methods in analyzing other 
natural mechanisms of CTL induction or priming. In 
addition, from a practical point of view, this may 
be a useful way for accomplishing syn-thetic 
peptide vaccination in that we can elicit virus 
specific CTL that will be able to kill both virus- 
derived peptide pulsed targets and targets infected 
with re-combinant vaccinia virus expressing whole 
gpl60 envelope gene without using any harmful 
adjuvant. Although perhaps not practical for large 
scale, mass immunizations of whole populations, 
this method could be applied to specific immuno- 
therapy of individual patients. Moreover, very 
recently Harty and Bevan reported (77) that they 
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could protect mice from the Listeria monocygenes 
infection by the adoptive transfer of CD8 + CTL 
induced by epitope peptide-pulsed spleen cell 
immunization as we have shown here, although the 
5 specific requirements for effective immunization 

were not examined. Important for the extension of 
this method to human immunization, Knight et al 
(78) have reported that human peripheral 
mononuclear cells (PBMC) contain many DC, making it 
10 possible to use human PBMC, the only cells 

practical for use in humans. Also, no foreign 
serum source is necessary during the pulsing (Fig. 
11) - 

The invention being thus described, it will be 
15 obvious that the same may be varied in many ways. 

Such variations are not to be" regarded as a 
departure from the spirit and scope of the 
invention, and all such modi-f ications as would be 
obvious to one skilled in the art are intended to 
20 be included within the scope of the claims below. 
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What is claimed is: 

1 Claim 1 . A method for immunization , which 

2 comprises: 

3 (i) exposing splenic or peripheral blood 

4 mononuclear cells to a peptide, whereby said 

5 peptide binds to MHC class I molecules on the 

6 surface of said mononuclear cells; 

7 (ii) irradiating said mononuclear cells having 

8 said peptide bound to MHC class I molecules on 

9 their surface; and 

10 (iii) administering to a mammal the irradiated 

11 mononuclear cells having said peptide bound to MHC 

12 class I molecules on the their surface. 

1 Claim 2 . The method of claim 1, wherein said 

2 mononuclear cells are dendritic cells. 

1 Claim 3 . The method of claim 1, wherein said 

2 peptide is a minimal peptide which can bind to said 

3 MHC class I molecule. 

1 Claim 4 . The method of claim 1, wherein said 

2 peptide is a peptide which adopts an amphipathic 

3 helical conformation in solution. 
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1 Claim 5 . The method of claim 2, wherein said 

2 peptide is a minimal peptide which can bind to said 

3 MHC class I molecule. 

1 Claim 6 . The method of claim 1, wherein said 

2 mononuclear cells are irradiated with gamma 

3 radiation at a dose of 1500-3500 rad. 

1 Claim 7 . The method of claim 5, wherein said 

2 mononuclear cells are irradiated with gamma 

3 radiation at a dose of 1500-3500 rad. 

1 Claim 8 . The method of claim 1, wherein said 

2 peptide contains a T-cell epitope of HIV-1. 

1 Claim 9 . The method of claim 1, wherein said 

2 peptide contains a T-cell epitope of the HIV-1 

3 envelope glycoprotein 160. 

1 Claim 10 . The method of claim 1, wherein said 

2 peptide contains an epitope from the V3 loop of 

3 HIV-1 glycoprotein 160. 

1 - Claim 11 , The method of claim 1, wherein said 

2 peptide is derived from the amino acid sequence of 

3 a protein selected from the group consisting of an 

4 oncogene product and a mutated tumor suppressor 

5 gene product . 
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1 Claim 12 . The method of claim 11, wherein 

2 said peptide is a mutated product of a gene 

3 selected from the group consisting of a mutated p53 

4 gene, a mutated rae gene, a mutated retinoblastoma 

5 gene, a mutated trie gene, a mutated sre gene, a 

6 mutated abl gene, a mutated myc gene, a mutated dec 

7 gene, a mutated mcc gene, a mutated ape gene, a 

8 mutated wtl gene, a mutated nfl gene, a mutated VHL 

9 gene, a mutated MEN2 gene, a mutated MEN2 gene, a 

10 mutated MLM gene, a lung cancer associated tumor 

11 supprressor gene mapping to 3pl4, a lung cancer- 

12 associated tumor suppressor gene mapping to 3p21, 

13 a lung cancer-associated tumor suppressor gene 

14 mapping to 3p25, and an early-onset breast cancer- 

15 associated tumor suppressor gene mapping to 17q. 

1 Claim 13 . The method of claim 5, wherein said 

2 peptide contains a T-cell epitope of HIV-1. 

1 Claim 14 . The method of claim 5, wherein said 

2 peptide contains a T-cell epitope of HIV-1 envelope 

3 glycoprotein 160. 

1 Claim 15 . The method of claim 5, wherein said 

2 peptide contains an epitope from the V3 loop of HIV 

3 glycoprotein 160. 
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1 Claim 16 . The method of claim 5, wherein said 

2 peptide is a mutated product of a gene selected 

3 from the group consisting of a mutated p53 gene, a 

4 mutated ras gene, a mutated retinoblastoma gene, a 

5 mutated trk gene, a mutated src gene, a mutated abl 

6 gene, a mutated myc gene, a mutated dec gene, a 

7 mutated mcc_gene, a mutated ape gene, a mutated wtl 

8 gene, a mutated nfl gene, a mutated VHL gene, a 

9 mutated MEN2 gene, a mutated MEN2 gene, a mutated 

10 MLM gene, a lung cancer associated tumor 

11 supprressor gene mapping to 3pl4 , a lung cancer- 

12 associated tumor suppressor gene mapping to 3p21, 

13 a lung cancer- associated tumor suppressor gene 

14 mapping to 3p25, and an early-onset breast cancer- 

15 associated tumor suppressor gene mapping to 17q. 
16 

1 Claim 17 . The method of claim 7, wherein said 

2 peptide is a mutated product of a gene selected 

3 from the group consisting of a mutated p53 gene, a 

4 mutated ras gene, a mutated retinoblastoma gene, a 

5 mutated trie gene, a mutated src gene, a mutated abl 

6 gene, a mutated myc gene, a mutated dec gene, a 

7 mutated mcc gene, a mutated ape gene, a mutated wtl 

8 gene, a mutated nfl gene, a mutated VHL gene, a 

9 mutated MEN2 gene, a mutated MEN2 gene, a mutated 

10 MLM gene, a lung cancer associated tumor 

11 supprressor gene mapping to 3pl4, a lung cancer- 

12 associated tumor suppressor gene mapping to 3p21, 

13 a lung cancer-associated tumor suppressor gene- 

14 mapping to 3p25, and an early-onset breast cancer- 

15 associated tumor suppressor gene mapping to 17q. 
16 

1 Claim 18 . The method of claim 1, wherein said 

2 cells are administered intravenously. 
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1 Claim 19 . An immunogen which comprises a 

2 population of peripheral blood mononuclear cells 

3 coated with a peptide which is bound to MHC class 

4 I molecules on the surface of said mononuclear 

5 cells and a pharmaceutical ly acceptable carrier. 

1 Claim 20 . The immunogen of claim 19, wherein 

2 said peptide is derived from the group consisting 

3 of an oncogene product and a mutated tumor 

4 suppressor gene product . 

1 Claim 21 . The immunogen of claim 19, wherein 

2 said peptide is derived from the HIV-1 virus. 

1 Claim 22 . The immunogen of claim 21, wherein 

2 said peptide is derived from the HIV-1 envelope 

3 glycoprotein 160. 

1 Claim 23 . The immunogen of claim 19, wherein 

2 said peptide is a minimal peptide that will bind to 

3 said MHC class I molecule. 

1 Claim 24 . The immunogen of claim 20, wherein 

2 said peptide is a minimal peptide that will bind to 

3 said MHC class I molecule. 
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1 Claim 25 . An immunogen prepared by the 

2 process comprising: 

3 (i) identifying a mutation in the amino acid 

4 sequence of the product of a gene selected from the 

5 group consisting of a protooncogene and a tumor 

6 suppressor gene; 

7 (ii) selecting a synthetic peptide 

8 corresponding to the site of said mutation; 

9 (iii) coating a lymphoid cell population 

10 having MHC compatibility with said tumor with the 

11 synthetic peptide by incubation with said peptide 

12 in vitro ; and 

13 (iv) irradiating the cells with between 1,000 

14 and 3,300 rad gamma irradiation. 

1 Claim 26 . * An immunogen prepared by the 

2 process according to claim 25, wherein step (i) is 

3 performed by: 

4 (a) obtaining nucleic acid from a tumor 

5 sample; 

6 (b) sequencing a portion of said nucleic acid 

7 to identify mutations in the amino acid sequence of 

8 a protein encoded by a gene selected from the group 

9 consisting of a protooncogene and a tumor 
10 suppressor gene. 
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FIG.3A 
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FIG. IC 
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